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(57) An undulated-wall honeycomb structure (1 ) has 
multiple cell passages (2) with mutually parallel passage 
directions. With this undulated-wall honeycomb struc- 
ture (1), intersections (4) between walls (3) partitioning 
the cell passages (2) are formed at cross-sections per- 
pendicular to the cell passages (2) and positioned sys- 
tematically maintaining a predetermined pitch, and also 
the wall face portions (5) of the walls (3) excluding the 



intersections (4) are formed with undulated shapes in 
both the cell passage direction and the cross-section di- 
rection perpendicular to the cell passage direction. Ac- 
cording to this undulated-wall honeycomb structure, ad- 
vantages such as improved exhaust gas purification ca- 
pabilities and catalyst capabilities, improved mechani- 
cal strength for canning, and further improved heat-re- 
sistant shock properties can be obtained. 
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Description 

Technical Field 

[0001] The present invention relates to an undulated- 
wall honeycomb structure used as a internal combustion 
engine exhaust gas purification catalyst carrier or deo- 
dorizing catalyst carrier for vehicle exhaust gas and the 
like, as a filter for various types of filtering devices, as a 
heat exchanger unit, or as a chemical reactor carrier 
such as a modifying catalyst carrier for fuel cells or the 
like. 

Background Art 

[0002] Honeycomb structures are widely used as in- 
ternal combustion engine exhaust gas purification cat- 
alyst carriers or deodorizing catalyst carriers for vehicle 
exhaust gas and the like. Conventionally, with such hon- 
eycomb structures, in the case of using as a vehicle ex- 
haust gas purification catalyst carrier for example, the 
walls partitioning the cell passages have conventionally 
been generally formed in flat shapes to reduce pressure 
loss. 

[0003] However, in recent years, in accordance with 
stricter emission standards based on environmental is- 
sues, purification capabilities of exhaust gas purification 
catalysts for vehicles have come to be viewed as being 
more important than pressure loss properties. Accord- 
ingly, development of engines to reduce the amount of 
emission of harmful substances such as hydrocarbons 
(HC), carbon monoxide (CO), oxides of nitrogen (NOx), 
and so forth, and improvement of three way catalysts 
have progressed, and emission of harmful substances 
is on a decline due to the effects of both of these. 
[0004] Thus, while the overall emissions during oper- 
ation of the engine are decreasing, the amount of emis- 
sion of harmful substances immediately after starting 
the engine is being examined more closely. With the 
FTP-75 cycle which is the restriction driving cycle in the 
USA, for example, 60% to 80% of the total amount of 
exhaust is discharged within the Cold-Transient mode 
which is the first 140 seconds after starting the engine. 
[0005] One cause is that, immediately following start- 
ing the engine in particular, the exhaust gas temperature 
is low and the catalyst is not activated sufficiently, so the 
harmful substances pass through the catalyst without 
being purified. Also, another factor is that the fuel com- 
bustion state is not stable in engines immediately after 
starting, and the A/F (air/fuel ratio) of the exhaust gas, 
i.e., the ratio of oxygen in the exhaust gas, which is an 
important factor that affects the purification capabilities 
of the three way catalyst, changes. 
[0006] Accordingly, various attempts are being made 
to speedily raise the temperature of the catalyst imme- 
diately after starting the engine, such as placing the cat- 
alyst where the temperature of the exhaust gas is high 
by positioning the catalyst as close to the engine as pos- 
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sible, making the cell partitions thin to lower the thermal 
capacity of the catalyst carrier itself, increasing the cell 
concentration of the carrying member in order to in- 
crease the amount of area of contact between the cat- 

5 alyst and exhaust gas while speedily absorbing the heat 
of the exhaust gas, and so forth. 
[0007] However, with conventional normal honey- 
comb structures, the walls are almost always formed 
with a flat shape so that the celt passages are straight 

10 tubes, in order to reduce pressure loss. Accordingly, 
measures are taken to increase the contact area be- 
tween the walls and the exhaust gas by making the walls 
thinner and increasing the number of cells, but improve- 
ment of purification capabilities has been limited, such 

15 as there being limitations to the increase in contact area, 
sufficient purification effects for harmful substances in 
the exhaust gas has not been observed, and so forth. 
[0008] Further, in the event that the amount of catalyst 
being carried is increased to improve the purification ca- 

20 pabilities, not only are great amounts of platinums which 
are the catalyst component used, which leads to in- 
creased costs, but also the catalyst layer becomes thick- 
er, which means that the percentage of catalyst which 
can actually come into sufficient contact with the ex- 

25 haust gas decreases, so the increase in purification ca- 
pabilities hoped for cannot be obtained. Also, while the 
initial capabilities of the catalyst are high, there is an 
even higher concentration of precious metals, and the 
catalysts tend to coagulate one with another over time, 

30 leading to the problem of short usage life span. 

[0009] Accordingly, JP-A-58-43238 discloses a ce- 
ramic honeycomb structure wherein the cell passages 
have been made in a meandering form from the en- 
trance to the exit, so as to increase interaction between 

35 the cell passage walls and the fluid flowing therethrough 
and thus improve purification capabilities by increasing 
the surface area within the cell passages, and a method 
for manufacturing a honeycomb structure wherein the 
cell passages have been made in a meandering form in 

40 the cell passage direction (referring to the passage di- 
rection of the cell passages) by causing extrusion mold- 
ing members to perform rotational vibration within the 
cell passage cross-sections. 

[0010] However, with the honeycomb structure dis- 
45 closed in JP-A-58-43238, the walls partitioning the cell 
passages one from another have a curved form, but no 
protrusions or recessions have been provided to the sur- 
face of the walls. Accordingly, the increase in the surface 
area within the cell passage is limited to the length of 
50 the cell passage lengthened by making the cell passage 
to meander, so marked improves in catalyst capabilities 
are not expected. 

[0011] Also, JP-A-3-151049 discloses a ceramic hon- 
eycomb structure wherein the walls of the periphery por- 
55 tion of the honeycomb structure are flat, and only the 
walls at the center portion are raised and lowered, there- 
by increasing the interaction between the exhaust gas 
and the walls so as to increase purification effective- 
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ness, and also forming the periphery portion walls thick- 
er so as to increase the strength against external pres- 
sure and the holding strength. 

[0012] However, with the honeycomb structure dis- 
closed in this JP-A-3-151049, while the cell passages 5 
themselves are raised and lowered in the cell passage 
direction, the walls are not formed so as to be raised 
and lowered in the cross-sectional direction of the cell 
passages. Accordingly, as with the case of the honey- 
comb structure disclosed in JP-A-58-43238, the in- 
crease in surface area within the cell passage is restrict- 
ed to the length by which the cell passage length has 
been increased by forming protrusions and recessions 
in the cell passage direction, so marked increase in cat- 
alyst capabilities are not expected. 
[0013] Further, JP-A-5-1 23580 discloses a honey- 
comb structure wherein the walls at the center portion 
are formed in an undulated shape in both directions of 
the cell passage direction and the cross-sectional direc- 
tion perpendicular to the passage direction, and also 
wherein the recessions and protrusions of the undulated 
wall are synchronized so as to face in the same direction 
in the direction of the cell passage. 
[001 4] With the honeycomb structure according to JP- 
A-5-1 23580, in addition to increased surface area by es- 
sential extending of the cell passage length as with JP- 
A-58-43238 and JP-A-3-151049, the walls are undulat- 
ed in the direction perpendicular to the cell passage di- 
rection as well, thereby increasing surface area. 
[0015] However, the recessions and protrusions 
thereof are synchronized in the direction of the cell pas- 
sage, so the shape of the cross-section at arbitrary po- 
sitions along the cell passage is the same. Accordingly, 
the flow of a fluid within the cell passage readily be- 
comes a stationary flow, and consequently there is a 
problem that it becomes difficult to aggressively in- 
crease the interaction between the fluid flowing through 
the cell passages and the wall faces. 
[0016] Also, JP-A-52-1 19611 discloses deforming 
walls for the purpose of adjusting thermal stress or de- 
formation due to mechanical stress on the plane per- 
pendicular to the longitudinal direction of the cells (pas- 
sage direction), but due to the same problem as with 
that in JP-A-5-1 23580, does not contribute to improved 
catalyst capabilities. Also, the description in JP-A- 
52-1 19611 that the amplitude of the wall deformation 
(sine wave) deformations are smaller than the wall thick- 
ness reduces stress focusing on the deformed portions 
of the walls, but does not agree with the aggressive in- 
crease of interaction between exhaust gas and the 
walls, with is the essence of the present invention. 
[0017] Further, with metal honeycomb structures 
wherein the cell formations of stainless heat-resistant 
steel are undulated forms, structures are being pro- 
posed wherein a great number of small round indenta- 
tions are formed in the cell passage direction with a cer- 
tain spacing therebetween, in the direction orthogonal 
to the cell passage direction. However, with this struc- 



ture, great turbulence effects cannot be expected, and 
also even in the event that catalyst is carried, the 
grooves are small, so the catalyst layer fills in the 
grooves, thereby reducing the effects of forming the 
grooves. There are hardly any pores in the case of met- 
al, so coating with a catalyst layer of y alumina results 
in a coat with frequent collecting in comer portions like 
grooves. 

[0018] Now, honeycomb structures which are small, 
light, and use less amount of catalyst while manifesting 
excellent properties of transfer effectiveness and so 
forth are also being desired, in addition to objects other 
than the above-described exhaust gas purification, such 
as for honeycomb structures used as chemical reaction 
catalyst carriers for gas modifying or the like wherein 
pressure loss is not a great impedance in usage. 
[0019] The present invention has been made in light 
of the above-described problems of the conventional 
art, and it is an object thereof: to provide a honeycomb 
structure wherein the surface area of the walls is in- 
creased while making the flow of fluid within the cell pas- 
sages complex so as to increase the interaction be- 
tween the fluid and walls, which further has mechanical 
strength and excellent heat and shock resisting proper- 
ties sufficient to allow placement near an engine to serve 
for purifying exhaust gasses of engines and the like; and 
to provide the manufacturing method thereof. 

Disclosure of Invention 

[0020] That is, according to the present invention, an 
undulated-wall honeycomb structure has a plurality of 
cell passages which are mutually parallel in channel di- 
rection is provided, wherein intersection portions be- 
tween walls partitioning the cell passages are formed so 
as to maintain a predetermined pitch at cross-sections 
perpendicular to the cell passages and positioned sys- 
tematically, and wherein the wall face portions of the 
walls excluding the intersection portions are formed so 
as to have an undulated shape in both the cell passage 
direction and the cross-sectional direction perpendicu- 
lar to the cell passage direction. 

[0021] With this undulated-wall honeycomb structure, 
regarding each of the cell passages, the wall face por- 
tions of an opposing pair of the walls may be each 
formed so as to have an undulated shape, such that re- 
cessions and protrusions on one wall face portion and 
recessions and protrusions on the other wall face por- 
tion are positioned with the protrusions of each facing 
one another and the recessions of each facing one an- 
other, or with the protrusions and the recessions facing 
one another. Also, the wall face portions formed with an 
undulated shape and wall face portions formed with a 
flat shape may be formed in an intermingled fashion. 
[0022] With the undulated- wall honeycomb structure 
according to the present invention, regarding each of the 
cell passages, at least one of the plurality of walls mak- 
ing up the cell passage is preferably formed with an un- 
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dulated shape, i.e. , such that there are no cell passages 
that do not come into contact with a wall formed with an 
undulated shape. Also, the degree of undulated defor- 
mation whereby the walls are formed with an undulated 
shape is preferably greater at the outer portion that at 5 
the center portion, thereby essentially not allowing pas- 
sage of exhaust gas through the cell passages at the 
outer portion. Thus, the advantages of preventing heat 
discharge from the periphery portion, intensifying the 
mechanical strength of the periphery portion, and pre- 
venting excessive precious metal components from be- 
ing'carried by the periphery portion, as disclosed in JP- 
A-49-63821 and JP-A-56-1 29042, can be obtained. 
[0023] Also, the greaterthe amplitude and pitch of the 
undulated deformation of walls are the better, and the 
degree of the undulated deformation of walls formed 
with an undulated shape is preferably 1 50% of the thick- 
ness of the walls or more. However, excessive deforma- 
tion invites increased pressure loss, so the amount of 
amplitude of deformation is optimized for each cell struc- 
ture by balancing the degree of improvement in cleaning 
capabilities and increase of pressure loss, while com- 
paring with engine performance. A relatively small 
number of cells enables greater undulated deforma- 
tions, and also allows a greater opening percentage of 
the honeycomb structure, which is preferably from the 
perspective of pressure loss. Further, in the event that 
carbon is generated, as with exhaust gasses from diesel 
engines, a relatively smaller number of cells are more 
preferable from the perspective of clogging. As means 
for reducing pressure loss, only part of the walls may be 
undulated instead of making all of the walls in an undu- 
lated shape. This means is also preferable from the per- 
spective of preventing clogging of the cells. 
[0024] With the undulated-wall honeycomb structure 
according to the present invention, various arrange- 
ments can be conceived, such as the cell passages be- 
ing configured of intermingled undulated walls and flat 
walls, configured of the undulated faces of the undulated 
walls changing directions, configured such that the size 
of the undulations of the undulated walls, i.e., the am- 
plitude and pitch thereof, are set variously, and so forth, 
and there also is a structure wherein the pattern of 
swells of the undulations of the undulated walls change 
as described below. For example, with the understand- 
ing that undulations are repetitions of recessions and 
protrusions, a continuous line is formed by the reces- 
sions or protrusions of the undulations, and it is also 
preferably that a line connecting the highest portions of 
the protrusions and/or the lowest portions of the reces- 
sions of the wall face portions formed with an undulated 
shape in the cell passage direction repeats a pattern of 
turning in the vertical direction to the cell passage direc- 
tion on the wall face. Making analogy to mountains for 
the undulated recessions and protrusions, this is an un- 
dulated-wall honeycomb structure wherein the edge line 
of the mountains or a line connecting the valleys mean- 
ders in the cell passage direction. In this case, the rep- 



etition of turning may be once per cell passage or once 
for multiple passages, but such shapes preferably re- 
peat bending once per cell passage, from the perspec- 
tive of improving cushioning properties. That is to say, 
the edge line of the mountains meanders even more 
preferably with small bends. 

[0025] Also, cell passages formed by the wall face 
portions of the walls formed in an undulated shape and 
cell passages formed by the wall face portions of the 
walls formed in a flat shape may appear and coexist in 
a discontinuous manner. Making the cell passage to be 
a state with mixed shapes having differing wall forms 
rather than having the cell passages uniform, agitates 
the flow of the fluid to the honeycomb structure so that 
the contact efficiency between the fluid and walls im- 
proves even more. 

[0026] Further, the undulated-wall honeycomb struc- 
ture according to the present invention preferably com- 
prises a cell passage area A formed with a generally 
circular cross-section from the center, and a cell pas- 
sage area B formed with a generally ring-shaped form 
at the outer side of the cell passage area A, wherein the 
cell passage area A contains cell passages formed by 
the wall face portions of the walls formed having an un- 
dulated shape, and wherein the cell passage area B 
comprises cell passages formed by the wall face por- 
tions of the walls formed having a flat shape. An ar- 
rangement is even more preferably wherein the thick- 
ness of the walls of the cell passages within the cell pas- 
sage area B is greater than the thickness of the walls of 
the cell passages within the cell passage area A, and 
also wherein the thickness thereof increases in stages 
within the cell passage area B from the inner circumfer- 
ence portion toward the outer portion portion or only in- 
creases in stages near the boundary between area B 
and area A. Thus, the strength of the honeycomb struc- 
ture markedly improves. 

[0027] Suitably used for the material for the undulat- 
ed-wall honeycomb structure are: ceramic material such 
as cordierite, alumina, mullite, lithium aluminum silicate, 
aluminum titanate, titania, zirconia, silicone nitride, alu- 
minum nitride, or silicon carbide; heat-resistant metal 
materials such as stainless steel; and various adsorb- 
ents such as activated charcoal or silica gel or zeolite. 
One type of ceramic material may be used, of a com- 
posite of a plurality thereof may be used. 
[0028] Undulated-wall honeycomb structures can be 
obtained according to the configuration of the forming 
nozzle with other materials as well, as long as the ma- 
terial is capable of extrusion formation, so similar effects 
as those of the above can be expected with materials 
wherein particles of differing material or fibers have 
been dispersed and compounded in the above materials 
or polymers such as resins, or articles wherein the wall 
surfaces have been covered following extrusion. In ad- 
dition, in the case of wrapping metal foil in a corrugated 
manner to form an undulated-wall honeycomb structure, 
an undulated-wall honeycomb structure can be ob- 
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tained by forming undulations in metal foil by plasticity 
working beforehand. 

[0029] With these materials, the porosity of the mate- 
rial used is preferably between 45% to 80%, from the 
perspective of suppressing increase in thermal capacity. 
In addition, in such cases, the undulated-wall honey- 
comb structure can be suitably applied to a fine particle 
removing filter. Plugging one end of particular cell pas- 
sages of the honeycomb structure and also plugging the 
other end of the remaining cell passages configures fil- 
tering layers of the walls partitioning the cell passages. 
In the event of using as a fine particle removing filter, 
the wall thickness of the undulated-wall honeycomb 
structure is preferably around 0.2 to 1 .2 mm, and the 
cell density of the undulated-wall honeycomb structure 
is preferably around 50 to 600 cpsi (cells per square cen- 
timeter). Providing protrusions and recessions on the 
surface of the undulated walls of the undulated- wall hon- 
eycomb structure allows fine particle removing capabil- 
ities to be further improved. 

[0030] In the event that the surface roughness of the 
undulated walls is 1 0% or more in Valley Level which is 
a standard, the properties of the undulated walls in cap- 
turing fine particle substances improves even though 
the undulated-wall structure with the same, but in the 
range of less than 10%, no particular change in captur- 
ing fine particle substances is observed even if the Val- 
ley Level is changed. This improvement is due to the 
increase in the ratio of area of the fine pores portion of 
the undulated wall surface. That is to say, forming a 
great number of fine indentations by micropores on the 
surface of the undulated wall facilitates capturing of fine 
particle substances with the fine holes. The captured 
fine particle substances gradually accumulates, but 
does not readily separate from the surface of the undu- 
lated walls due to the anchoring effects of the fine holes. 
This is advantageous in that not only does the capturing 
capabilities of fine particle substances improve, but also 
the fine particle substances is also sufficiently dealt with 
by the catalyst component carried on the surface of the 
walls. Increasing the Valley Level is effective to a certain 
degree even with normal honeycombs, but there were 
no effects in particular unless the Valley Level was 20% 
or more. Using an undulated-wall structure increases 
the effects at 1 0% or more. Setting this to 20% or more 
further improves the capturing properties, so applying 
the undulated-wall honeycomb structure to a fine parti- 
cle removing filter enables the fine particle capturing ef- 
fectiveness to be raised. In the case of a fine particle 
removing filter of a cordierite honeycomb structure with 
a wall thickness of 0.30 mm and a cell density of 200 
cpsi, increasing the Valley Level from 15% to 30% by 
raising the porosity resulted in an improvement in cap- 
turing effectiveness of less than 5% with normal flat- 
plane honeycomb structures, but resulted in approxi- 
mately a 1 0% improvement with the undulated-wall hon- 
eycomb structure. 

[0031] Fig. 25 is an explanatory diagram illustrating 



the Valley Level, which represents the degree of wall 
surface roughness of the honeycomb structure. Here, 
Valley Level refers to the percentage of the entire area 
of the walls which the sum of the surface area of the fine 
5 hole 47 portion on the average face 43 occupies in the 
event that the partition surface is cut with the average 
plane 43, wherein the average face 43 is a surface 
wherein the volume of protrusions and recessions on 
the surface have been found to be the same by analyz- 
10 jng wall surface roughness data measured two-dimen- 
sionally with a surface roughness meter. 
[0032] The undulated-wall honeycomb structure ac- 
cording to the present invention is also suitably used as 
a catalyst carrier, and is used as, for example, an ex- 
's haust gas purification catalyst carrier for vehicles, car- 
rying catalyst on the surface on the cell wall face and in 
micropores within the walls of the honeycomb structure. 
In this case, the wall thickness is preferably around 0.01 
to 0.12 mm, and the cell density is preferably around 
20 200 to 3000 cpsi (cells per square inch). 

[0033] The method for manufacturing the exhaust gas 
purification catalyst carrier for vehicles may either be a 
method wherein catalyst components are carried on the 
walls of the honeycomb structure so as to obtain a cat- 
25 alytic member, a method wherein the honeycomb struc- 
ture itself is formed of a catalyst component, or a method 
combining both. 

[0034] Generally, hybrid catalysts wherein y alumina 
which has a high surface area is coated onto the wall 

30 surface of a cordierite honeycomb structure and the alu- 
mina layer is made to carry precious metal components 
as an exhaust gas purification catalyst for vehicles, and 
solid catalysts wherein a honeycomb structure is formed 
of titanium dioxide as an exhaust gas purification cata- 

35 lyst for stationary emission sources, are in actual use. 
[0035] The catalyst components are formed of a com- 
bination of precious metals such as platinum, palladium, 
rhodium and the like, and vanadium oxides, ceria, yttria, 
zirconia, titania, alkali metals, perovskite compositions, 

40 and tourmaline components, and is at least one of or a 
compound of a plurality of the following group: a three 
way catalyst which oxidizes and reduces hydrocarbons, 
carbon monoxide, and oxides of nitrogen; an oxide cat- 
alyst which oxidizes hydrocarbons, carbon monoxide, 

45 NO, SOF, and carbon components; an NOx reducing 
catalyst which reduces NOx; and a catalyst which de- 
composes and removes sulfides, volatile organic gas 
VOC (Gaseous Organic Compounds), and dioxins. Re- 
gardless of the components of the catalyst, contact re- 

so action between the exhaust gas and the catalyst must 
be accelerated and the catalyst must be activated at an 
early stage, so an undulated-wall honeycomb structure 
is advantageously used as the carrier for the catalyst. 
[0036] An exhaust gas purification catalytic converter 

55 is providing using only the undulated-wall honeycomb 
structure carrying such catalysts. Also provided is an ex- 
haust gas purification catalytic converter system com- 
prising a plurality of this exhaust gas purification cata- 
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lytic converter and a plurality of catalytic converters 
wherein the catalyst is carried on a normal flat-wall hon- 
eycomb structure, wherein the catalytic converters are 
serially alternately arrayed. Of course, the arrangement 
may involve arraying both undulated-wall honeycomb 
structure and flat-wall honeycomb structure for carrying 
catalyst within one converter, rather than dividing the 
converter. 

[0037] For other arrangements, an exhaust gas puri- 
fication catalytic converter system is also provided, 
wherein the catalytic converter using the undulated-wall 
honeycomb structure is placed to the upstream side of 
the exhaust, and the fine particle removing filter using 
the undulated-wall honeycomb structure is placed to the 
downstream side of the exhaust. For the aft fine particle- 
removing filter, one comprising a normal flat-wall hon- 
eycomb structure may be used. 

[0038] The undulated-wall honeycomb structure ac- 
cording to the present invention may also be applied to 
an exhaust gas purification system for capturing fine 
particle substances in the exhaust gas. The undulated- 
wall honeycomb structure is electrically charged, nor- 
mally positively, so as to capture fine particle substanc- 
es this has been electrically charged negatively, normal- 
ly. Depending on what is to be captured, the undulated- 
wall honeycomb structure may be electrically charged 
negatively. 

[0039] Exhaust gas purification systems using the un- 
dulated-wall honeycomb structure in the same way may 
be used for capturing fine particle substances using 
non-thermal equilibrium plasma (non-thermal plasma) 
or microwave discharge plasma. Undulated-wall honey- 
comb structures applied to such exhaust gas purification 
systems are preferably of a readily exchangeable car- 
tridge type. 

[0040] Other examples of applications of the undulat- 
ed-wall honeycomb structure according to the present 
invention include as a catalyst carrier for modifiers for 
fuel cell systems or for the fuel cells themselves, as part 
of a fuel tank evaporation system for suppressing exter- 
nal leakage of volatile components of fuel, or even as a 
sandwich panel. 

[0041] According to the present invention, as one 
manufacturing method for such an undulated-wall hon- 
eycomb structure, a method is provided wherein a back 
plate having adjacent through holes with differing mate- 
rial flow resistance is used as a nozzle material for ex- 
trusion forming. The back plate preferably changes in 
thickness from the outer portion toward the center por- 
tion, and the back plate preferably has through holes A 
and through holes B with changing hole diameters. 
[0042] Also, according to the present invention, a 
manufacturing method for an undulated-wall honey- 
comb structure is provided wherein undulations are 
formed in metal foil by plasticity working beforehand, 
and the metal foil is wrapped in a corrugated manner, 
thereby forming a metal honeycomb structure. 



Brief Description of the Drawings 
[0043] 

5 Fig. 1 (a) and (b) are cross-sectional diagrams illus- 

trating an embodiment of the undulated-wall honey- 
comb structure according to the present invention. 
Fig. 2 is a cross-sectional diagram illustrating an- 
other embodiment of the undulated-wall honey- 

10 comb structure according to the present invention. 
Fig. 3 is a cross-sectional diagram illustrating yet 
another embodiment of the undulated-wall honey- 
comb structure according to the present invention. 
Fig. 4 is a cross-sectional diagram illustrating yet 

is another embodiment of the undulated-wall honey- 
comb structure according to the present invention. 
Fig. 5 is an explanatory diagram illustrating an ex- 
ample of a positional arrangement in a case of using 
the undulated -wall honeycomb structure as an ex- 

20 haust gas purification catalyst carrier. 

Fig. 6 (a) through (c) are cross-sectional diagram 
illustrating a schematic configuration of nozzles 
suitably used for extrusion forming of the undulated- 
wall honeycomb structure according to the present 

25 invention. 

Fig. 7 is a graph illustrating the results of exhaust 
gas purification capabilities testing. 
Fig. 8 is a graph illustrating the results of isostatic 
strength testing. 

30 Fig. 9 is an explanatory diagram illustrating the 
method of extracting samples for providing for the 
compression strength test, and the shape of the 
samples. 

Fig. 1 0 is a graph illustrating the results of compres- 
35 sive strength testing. 

Fig. 11 is a graph illustrating the results of thermal 
shock resistance. 

Fig. 1 2 is a graph illustrating the results of water ab- 
sorption testing. 
40 Fig. 13 (a) and (b) are cross-sectional diagrams il- 
lustrating yet another embodiment of the undulated- 
wall honeycomb structure according to the present 
invention. 

Fig. 14 is a cross-sectional diagram illustrating yet 
45 another embodiment of the undulated-wall honey- 
comb structure according to the present invention. 
Fig. 15 (a) through (e) are cross-sectional diagrams 
illustrating yet another embodiment of the undulat- 
ed-wall honeycomb structure according to the 
so present invention. 

Fig. 16 is a cross-sectional diagram illustrating yet 
another embodiment of the undulated-wall honey- 
comb structure according to the present invention. 
Fig. 17 (a) and (b) are cross-sectional diagrams il- 
55 lustrating an embodiment in the event of applying 
the undulated-wall honeycomb structure according 
to the present invention as a fine particle substanc- 
es removing filter. 
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Fig. 18 (a) and (b) are explanatory diagrams illus- 
trating an example of a positional arrangement for 
using the undulated-wall honeycomb structure ac- 
cording to the present invention as an exhaust gas 
purification catalytic converter. 
Fig. 19 (a) and (b) are explanatory diagrams illus- 
trating another example of a positional arrangement 
for using the undulated-wall honeycomb structure 
according to the present invention as an exhaust 
gas purification catalytic converter. 
Fig. 20 (a) and (b) are explanatory diagrams illus- 
trating another yet example of a positional arrange- 
ment for using the undulated-wall honeycomb 
structure according to the present invention as an 
exhaust gas purification catalytic converter. 
Fig. 21 is an explanatory diagram illustrating an ex- 
ample of a positional arrangement for using the un- 
dulated-wall honeycomb structure according to the 
present invention as an exhaust gas purification 
catalytic converter employing the effects of electric 
Coulomb force from discharge. 
Fig. 22 is an explanatory diagram illustrating an ex- 
ample of a positional arrangement for using the un- 
dulated-wall honeycomb structure according to the 
present invention as an exhaust gas purification 
catalytic converter employing the effects of plasma. 
Fig. 23 is an explanatory diagram illustrating an ex- 
ample of a positional arrangement for using the un- 
dulated-wall honeycomb structure according to the 
present invention as a fuel cell system component. 
Fig. 24 is an explanatory diagram illustrating an ex- 
ample of the relation between cell density in the 
honeycomb structure and cell hydraulic diameter 
and GSA. 

Fig. 25 is an explanatory diagram illustrating Valley 
Level for the wall surface roughness in the honey- 
comb structure. 

Fig. 26 is an explanatory diagram illustrating an ex- 
ample of a positional arrangement for using the un- 
dulated-wall honeycomb structure according to the 
present invention in a fuel tank evaporation system. 
Fig. 27 is an explanatory diagram illustrating an ex- 
ample of a positional arrangement for using the un- 
dulated-wall honeycomb structure according to the 
present invention as a sandwich panel. 

Best Mode for Carrying Out the Invention 

[0044] The following is a description of embodiments 
of the present invention with reference to the drawings, 
but it is needless to say that the present invention is not 
restricted to the following embodiments. 
[0045] Fig. 1 (a) and (b) illustrate an embodiment of 
the undulated-wall honeycomb structure according to 
the present invention, wherein the walls of a normal hon- 
eycomb structure with a quadrangle (square) cell shape 
for the cross-section (hereafter referred to as "cell pas- 
sage cross-section") perpendicular to the cell passage 



direction (meaning the passage direction of the cell pas- 
sage) have been formed in an undulated shape. Here- 
after, normal honeycomb structures will be referred to 
as "normal honeycomb structure" or "flat-wall honey- 
5 comb structure". "Undulated-wall honeycomb structure" 
means a honeycomb structure wherein undulated walls 
exist, and also includes configurations wherein all walls 
are formed as undulated walls. 

[0046] Fig. 1 (a) shows the cell passage cross-section 

10 of the undulated-wall honeycomb structure 1 { with the 
passage direction of the cell passage 2 as the Z-axial 
direction, and orthogonal coordinate axes on a plane 
perpendicular thereto as the X-axis and Y-axis. Fig. 1 
(a) also shows the position of the walls of had this not 

15 been an undulated-wall honeycomb structure, i.e., the 
walls of a normal honeycomb structure, with dotted 
lines. Also, Fig. 1 (b) shows a cross-section (an X-Z 
plane) along the line A-A' in Fig. 1 (a) and is parallel to 
the cell passage 2; conversely, Fig. 1 (a) is an X-Y plane 

20 along the line B-B' in Fig. 1 (b). 

[0047] With the undulated-wall honeycomb structure 
1 , the multiple cell passages 2 are formed such that the 
passage directions thereof are mutually parallel. The in- 
tersection portions 4 between the walls 3 which partition 

25 the cell passages 2 are positioned systematically with a 
predetermined pitch D therebetween on the cell pas- 
sage cross-section. 

[0048] Now, the predetermined pitch D of the intersec- 
tion portions 4 means that the intersection portions 4 are 

30 positioned maintaining a predetermined pitch D so as to 
be positioned at the apexes of the of the square cells, i. 
e,, at the intersection of the lattices, as with the inter- 
section portions in normal honeycomb structures with 
square cell passage cross-sections, as can be easily un- 

35 derstood from the array of the intersection portions 4 
alone. Also, the intersection portions 4 being positioned 
systematically means, in the case of the undulated-wall 
honeycomb structure 1 , formed at the apexes of the 
square cells, i.e., at the intersections of the lattice. Ac- 

40 cordingly, with triangle cell honeycomb structures and 
hexagon cell honeycomb structures, the positions of the 
apexes of the triangular and hexagonal cells are the sys- 
tematic position where intersecting portions are formed. 
[0049] Now, the wall face portions 5 of the walls 3 ex- 

45 eluding the intersection portions 4 are formed having un- 
dulated shapes in both directions of the passage direc- 
tion of the cell passages 2 and the passage cross-sec- 
tion direction. As described above, Fig. 1 (a) is an X-Y 
plane along line B-B' in Fig. 1 (b), so the wall face portion 

so that is protruding in the positive direction of the Y axis 
in Fig. 1 (a) is recessed in the positive direction of the Y 
axis on the X-Y plane along the line C-C in Fig. 1 (b) 
which is 1/2 wavelength of the waveform away in the Z- 
axial direction. In the same way, the wall face portion 

55 that is recessed in the positive direction of the Y axis is 
protruding in the positive direction of the Y axis, and this 
pattern also holds true in the X-axial direction. 
[0050] Forming the wall face portions 5 of the walls 3 
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so as to be deformed in an undulated shape in both the 
cell passage direction and the cell passage cross-sec- 
tion direction as with the undulated-wall honeycomb 
structure 1 not only increases the surface area of the 
walls 3 so that interaction between the exhaust gas and 5 
the walls 3 can be increased, but the flow of exhaust gas 
through the cell passages 2 can be made into a non- 
stationary flow by the cross-sectional form of the cell 
passages 2 changing while the cross-sectional area 
thereof is almost constant, thereby increasing interac- 
tion between the exhaust gas and the walls 3 even fur- 
ther. Thus, the catalyst properties can be improved. 
[0051] Fig. 2 illustrates another embodiment of the 
undulated-wall honeycomb structure according to the 
present invention, showing an arrangement the same 
as the cell passage cross-section in Fig. 1 (a). With the 
cell passage 2 in Fig. 1 (a), of the two sets of wall face 
portions 5 facing one another to define the cell passage 
2, one set of wall face portions had the respective pro- 
trusions facing one another and the other set of wall face 
portions had the respective recessions facing one an- 
other, but with the undulated-wall honeycomb structure 
1 1 shown in Fig. 2, the two sets of wall face portions 1 5 
facing one another to define the cell passage 12 are ar- 
ranged so that both sets have either the protrusions or 
the recessions facing one another. 
[0052] Forming the wall face portions 15 thus means 
that the cross-section area of the cell passage 12 con- 
tinuously changes in the passage direction, so the flow 
of the exhaust gas becomes non-stationary, further in- 
creasing the effects of interaction between the exhaust 
gas and the walls, which is advantageous in that purifi- 
cation properties can be improved. 
[0053] The formed state of the recessions and protru- 
sions on the wall face portions are not restricted to the 
forms of the above undulated-wall honeycomb struc- 
tures 1 or 11 . That is, the undulated recessions and pro- 
trusions on one set of opposing walls may be arranged 
such that the protrusions face one another and the re- 
cessions face another on one set of wall face portions, 
or may be arranged such that the protrusions and the 
recessions face one another. 

[0054] For example, as shown in Fig. 1 (a) and Fig. 2, 
examining the recessions and protrusions of the wall 
face portions 5 and 15 in the vertical and horizontal di- 
rections of the undulated-wall honeycomb structures 1 
and 11, with regard the one cell passage 2, the protru- 
sions are formed facing one another and the recessions 
are formed facing one another, but the only difference 
is the form (cycie) thereof. Accordingly, an arrangement 
may be made wherein the protrusions face one another 
and the recessions face one another for the vertical 
walls, while the recessions and protrusions face one an- 
other for the horizontal walls. 

[0055] However, in the event that a structure is used 
wherein the recessions and protrusions face one anoth- 
er for both the vertical and horizontal walls, the flow of 
gas within the cell passage readily becomes a stationary 



flow, leading the problems that good purification capa- 
bilities cannot be readily obtained, as described above 
with reference to JP-A-5-1 23580. 
[0056] Incidentally, with the undulated-wall honey- 
comb structures 1 and 11, increased pressure loss in 
unavoidable. In order to circumvent this problem in the 
event of using the undulated-wall honeycomb structures 
1 and 11 as exhaust gas purification catalyst carriers, 
an arrangement can be made wherein the catalyst 
member formed by the undulated-wall honeycomb 
structure carrying catalyst is divided two ways in the di- 
rection of the flow of exhaust gas near the engine 92 
wherein the exhaust gas temperature is particularly high 
and the effects of pressure loss are great, as shown in 
Fig. 5, and the catalyst member 95 using the undulated- 
wall honeycomb structure is positioned toward the front 
(toward the engine 92) while a catalyst member 96 using 
a normal honeycomb structure is positioned to the rear 
(toward the exhaust pipe 99), and also the length of the 
catalyst member 95 using the undulated-wall honey- 
comb structure is made to be shorter than the catalyst 
member 96 using a normal honeycomb structure toward 
the rear. Thus, the high purification capabilities of the 
undulated-wall structure can be attained while sup- 
pressing the effects of pressure loss. In addition, an ar- 
rangement wherein the normal honeycomb structure is 
positioned toward the front and a low-density undulated- 
wall honeycomb structure is positioned toward the rear 
may be used, as well. 

[0057] Also preferably used is an arrangement where- 
in the degree of undulated deformation of the undula- 
tion-shaped walls is greater at the periphery portion as 
compared to the center portion, so that exhaust gas es- 
sentially cannot pass through the periphery portion, i.e., 
so that the cell passages are essentially closed off. 
Thus, the advantages of prevention of discharging heat 
from the periphery portion of the honeycomb structure, 
mechanical strengthening of the periphery portion, and 
prevention of carrying excessive precious metal compo- 
nents at the periphery portion, can be obtained, as dis- 
closed in JP-A-49-63821 and JP-A-56-1 29042. 
[0058] The amount of undulated deformation of the 
walls is preferably 150% or more of the wall thickness 
in amplitude. In the event that the amplitude of the un- 
dulated walls is less than 150%, sufficient emission ex- 
haust amount reducing effects cannot be obtained. This 
is thought to be due to increasing amplitude of the un- 
dulated walls increases the agitating effects of the flow 
of exhaust gas within the cell passages, but increasing 
the swells of the undulations on the undulated wall, i.e., 
increasing the amplitude invites increase in pressure 
loss, so there is so there is the need to set the amplitude 
appropriately while finding the limit of tolerance of pres- 
sure loss. 

[0059] Now, Fig. 3 is a cross-sectional diagram illus- 
trating yet another embodiment of the undulated-wall 
honeycomb structure according to the present inven- 
tion, showing an arrangement the same as the cell pas- 
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sage cross-section in Fig. 1 (a). The undulated-wall hon- 
eycomb structure 31 shown in Fig. 3 is an arrangement 
wherein wall face portions 35A with undulated reces- 
sions and protrusions formed, and wall face portions 
35B having flat surfaces, existing in a mixed fashion. 
The cell passages 32 have a flat shape wherein adja- 
cent walls forming two sides are flat and the other adja- 
cent walls forming two sides are formed with undulated 
shapes. Such an undulated-wall honeycomb structure 
31 can also be described as a normal honeycomb struc- 
ture with square-shaped cell cross-sections having eve- 
ry other flat wall thereof replaced with undulated walls. 
[0060] In the case of an arrangement wherein undu- 
lated wall face portions 35A and flat wall face portions 
35B exist in a mixed fashion as with the undulated-wall 
honeycomb structure 31, the properties manifested 
such as catalyst capabilities and mechanical strength 
are intermediate between those of arrangements 
wherein all walls are undulated and those of arrange- 
ments wherein all walls are flat, as described later. In 
the event that all walls are undulated, pressure loss in- 
creases, so the undulated-wall honeycomb structure 31 
can be suitably used for cases such as improving cata- 
lyst properties while suppressing increase in pressure 
loss. 

[0061] Fig. 4, like Fig. 3, is a is a cross-sectional dia- 
gram illustrating an arrangement of an undulated-wall 
honeycomb structure 41 wherein undulated walls 45A 
and flat walls 45B exist in a mixed fashion. Comparing 
the undulated-wall honeycomb structures 31 and 41 re- 
veals that the recessions and protrusions of the walls 
35A and 45A are facing in different directions. In other 
words, the cross-section area of the cell passage cross- 
section in the passage direction is almost constant with 
the undulated-wall honeycomb structure 31 , but the cell 
passage cross-section area continuously changes with 
the undulated-wall honeycomb structure 41 so that wide 
and narrow areas are formed. Accordingly, with the un- 
dulated-wall honeycomb structure 41 , the exhaust gas 
flow becomes non-stationary as compared to that of the 
undulated-wall honeycomb structure 31 , so the effects 
of interaction between the exhaust gas and the walls in- 
crease, which is advantageous in that the purification 
capabilities are improved. 

[0062] With the undulated-wall honeycomb structure 
according to the present invention, cell passages 
formed by walls formed into undulated shapes prefera- 
bly appear non-continuously. An arrangement wherein 
the area of cells defined by the undulated walls are not 
formed uniformly throughout the honeycomb structure 
and wherein flat-wall cell areas wherein all walls includ- 
ing outer walls are normal walls, are mixed, results in 
the flow of fluid flowing into and out of the honeycomb 
structure being agitated, such that the effects of contact 
between the fluid and the cell walls at the entrances and 
exits of the cell passages can be improved. 
[0063] Fig. 1 5 (a) through (e) are cross-sectional dia- 
grams illustrating embodiments of the undulated-wall 



honeycomb structure, showing vertical cross-sections 
as to the cell passages. The cross-section of the hon- 
eycomb structure may be round, or also may be oval or 
ellipse, or have a modified cross-section or the like, 
5 thereby adjusting the influx speed distribution of the fluid 
into the honeycomb structure, thereby making the influx 
speed distribution uniform. Various patterns of undulat- 
ed-wall cell passages 21 and flat-wall cell passages 22 
are arranged on the cross-sections. 
10 [0064] Fig. 15 (a) through (c) are examples of undu- 
lated-wall honeycomb structures wherein an area made 
up of flat-wall cell passages 22 and an area made up of 
undulated-wall cell passages 21 alternately appearing, 
Fig. 15 (d) is an example of an undulated-wall honey- 
's comb structure wherein areas made up of the flat-wall 
cell passages 22 are arranged in a in lines of a certain 
width in grid-like fashion within areas of undulated-wall 
cell passages 21, and Fig. 15 (e) is an example of an 
undulated-wall honeycomb structure wherein the cross- 
20 section is oval, and an approximately square area made 
up of undulated-wall cell passages 21 is positioned with- 
in flat-wall cell passages 22. 

[0065] The present invention is not restricted to undu- 
lated-wall cell passages 21 and flat-wall cell passages 

25 22 being arranged with a certain pattern as with these 
examples, but it is preferable that measures are taken 
to prevent unbalanced distribution on the vertical cross- 
section of the undulated-wall cell passages 21 where 
pressure loss is great, in order to reduce the pressure 

30 loss of the undulated-wall honeycomb structure while 
making unbalanced flow of gas more difficult to occur. 
[0066] Fig. 1 3 (a) and (b) illustrate yet another embod- 
iment of the undulated-wall honeycomb structure ac- 
cording to the present invention, and as with Fig. 1 (a) 

35 and (b), the passage direction of the cell passages is 
the Z-axial direction, and orthogonal coordinate axes X- 
axis and Y-axis are set on a plane perpendicular thereto. 
Fig. 1 3 (a) is a cross-section parallel to the cell passage, 
i.e., a cross-section illustrating a portion of the continu- 

40 ous walls (on the Y-Z plane), and Fig. 13 (b) is an en- 
larged cross-sectional view of Fig. 13 (a). 
[0067] With the undulated-wall honeycomb structure 
61 shown in Fig. 13 (a) and (b), lines connecting the 
highest points of the protrusions and the lowest portions 

45 of the recessions on the undulated wall face portions 
formed in the cell passage direction are formed in an 
undulated manner in the perpendicular direction (in the 
Y direction on the Y-Z plane) to the cell passage direc- 
tion on the wall faces. 

so [0068] In comparison, with the undulated-wall honey- 
comb structure 1 shown in Fig. 1 (a) and (b), when view- 
ing the rising of the undulations in the Y direction on the 
Y-Z plane, protrusion faces and recession faces alter- 
nately appear, and a line connected the apexes of the 

55 protrusion faces is a straight line as shown in Fig. 1 (b), 
but conversely, with the undulated-wall honeycomb 
structure 61 shown in Fig. 1 3 (a) and (b), the protrusions 
faces and recession faces are each connected, such 
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that the undulations, or in other words the line 6 of the 
apex portion of the protrusions and the line 7 of the low 
point of the recessions meander systematically. Using 
the analogy of mountains, with the undulated-wall hon- 
eycomb structure 1 shown in Fig. 1 (a) and (b), when 5 
looking at the mountains in the Y direction on the Y-Z 
plane, the line connecting the peaks of the mountains is 
a straight line, but with the undulated-wall honeycomb 
structure 61 shown in Fig. 13 (a) and (b), the mountains 
form a mountain range, and the edge line meanders sys- 
tematically. 

[0069] Forming the line 6 of the apex portion of the 
protrusions and the line 7 of the low point of the reces- 
sions so as to undulate in a direction perpendicular to 
the cell passage direction as with the undulated-wall 
honeycomb structure 61 increases the cushioning prop- 
erties in the cross-sectional direction of the honeycomb 
structure, and not only do strength and heat shock re- 
sisting properties improve, but also the cross-sectional 
area of the cell passages continuously greatly change 
in the cell passage direction, to a degree even greater 
than the undulated-wall honeycomb structure 11 shown 
in Fig. 2, so the exhaust gas flow becomes a turbulent 
flow, thereby increasing interaction between the ex- 
haust gas and the wall ! thus improving purification ca- 
pabilities. 

[0070] With the undulated-wall honeycomb structure 
61 , the height of the protrusions with the flat-face wall 
as a reference may be constant or may change, and it 
is also preferable that the point P on the line 6 of the 
high points of the protrusion shown in Fig. 1 3 (b) be pro- 
truding most and the point Q be somewhat low. Making 
analogy to mountains, the point P is a peak, and the 
point Q is a saddle. Such additional changes in reces- 
sions and protrusions furthers the turbulence of the ex- 
haust gas flow, and the interaction between the exhaust 
gas and the walls increase even more. 
[0071] Also, the systematic meandering of the line 6 
of the apex portion of the protrusions and the line 7 of 
the low point of the recessions in a direction perpendic- 
ular to the cell passage direction is not restricted to the 
pattern shown in Fig. 1 3 (a) wherein the directions of the 
line 6 of the apex portion of the protrusions and the line 
7 of the low point of the recessions change with each 
cell passage, nor to the pattern shown in Fig. 14 wherein 
the directions of the line 6 of the apex portion of the pro- 
trusions and the line 7 of the low point of the recessions 
change every two cell passages. 
[0072] As described above, with such an undulated- 
wall honeycomb structure, cushioning properties in the 
cell passage cross-sectional direction further increases, 
and increases can be made in isostatic strength and 
heat shock resisting properties, and further the effects 
of contact between the fluid flow and the cell walls within 
the cells can be increased even more. As one example, 
with a cell structure 0.05 mm in cell wall thickness and 
900 cpsi in cell density, an undulated-wall honeycomb 
structure (a cordierite honeycomb structure) with an ex- 
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ternal diameter of 100 mm, length 150 mm, and outer 
wall thickness of 0.15 mm for the honeycomb structure 
was manufactured, and isostatic strength was com- 
pared with a normal honeycomb structure made up of 
flat walls with the same cell structure and the same size, 
yielding results that strength was improved by approxi- 
mately 1 0% on the average, and heat resistant shock 
improved by approximately 5% on the average. 
[0073] Similar effects have been confirmed with low 
cell density honeycomb structures having relatively 
great opening percentages, within the range of cell den- 
sity of 200 to 600 cpsi, with cell wall thickness of 0.01 
to 0.12 mm. This means that undulated-wall structures 
are effective as means for strengthening low cell density 
honeycomb structures wherein the isostatic strength 
level is low. Of course, the above effects do not change 
whatsoever with cell structures exceeding 900 cpsi, 
such as 1200 cpsi, and so forth. 

[0074] Fig. 16 illustrates yet another embodiment of 
the undulated-wall honeycomb structure according to 
the present invention, showing the form of the cell pas- 
sage cross-section. Single or multiple cells are formed 
of normal walls, i.e., flat face walls, including the outer 
wall, in ring-like fashion from the periphery portion of the 
undulated-wall honeycomb structure 16 toward the in- 
side, the inside portion is an area formed in an approx- 
imate circle containing cells made up of undulated walls, 
and the wall thickness of the flat thick wall portion 24 
which is the ring-shaped flat wall area is suitable made 
to be thicker in stages than the wall thickness of the un- 
dulated thin wall portion 23 which is an area containing 
internal undulated walls, thereby improving the isostatic 
strength of the honeycomb structure in comparison with 
arrangements wherein the entirety is made of undulat- 
ed-wall structures. 

[0075] As an example, an undulated-wall honeycomb 
structure 1 6 shown in Fig. 1 6 (a cordierite honeycomb 
structure) with wall thickness of 0.035 mm for the undu- 
lated thin wall portion 23, having flat thick wall portion 
24 from the periphery portion to the inner side of 1 4 cells, 
with wall thickness of 0.11 5 mm to the inner side of 1 0 
cells from the periphery portion and wall thickness of 
0.075 mm from there to the inner side of 4 cells, the ar- 
rangement being a cell structure 900 cpsi in cell density, 
with the external diameter of the honeycomb structure 
being 110 mm, length of 150 mm, and outer wall thick- 
ness of 0.15, and comparison was made with an undu- 
lated-wall honeycomb structure of the same cell struc- 
ture and same size but with the entirety made of undu- 
lated-wall structures, yielding results that isostatic 
strength was improved by approximately 1 5% on the av- 
erage. 

[0076] Next, the method of manufacturing the undu- 
lated-wall honeycomb structure described above will be 
described. Extrusion forming, which is used most com- 
monly for conventional honeycomb structure manufac- 
turing, can be used for manufacturing the undulated- 
wall honeycomb structure according to the present in- 
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vention. The cross-sectional diagrams Fig. 6 (a) through 
(c) illustrate the schematic configuration and structure 
of the nozzle 50 used for extrusion forming. Here, Fig. 
6 (a) shows the cross-section along line A-A' in Fig. 6 
(c), and Fig. 6 (b) shows the cross-section along line B- 5 
B' in Fig. 6 (c). 

[0077] The nozzle 50 is overall formed of a back plate 
51 wherein through holes 52A and 52B are formed, a 
back hole channel member 54 where back holes 53 are 
formed, and a slit member 56 where slits 55 are formed. 
Now, changing the diameter and depth (thickness of the 
back plate) of the through holes 52A and 52B formed in 
the back plate 51 allows the resistance of the forming 
material (hereafter referred to as "material") as to fluid 
motion, and thus the flow of extruded material can be 
adjusted. 

[0078] Also, the back hole channel member 53 serves 
to lead the material to the slits 55, and generally, the 
positioning is such that the intersecting portions of the 
walls of the honeycomb structure match the center of 
the back holes 53. The slit member 56 defines the form 
and structure of the honeycomb structure, and the ma- 
terial extruded from the slits forms the walls. 
[0079] The material passes through in the order of the 
through holes 52A and 52B, the back holes 53, and the 
slits 55, but the material which has come out from one 
back hole 53 and the material which has come out from 
an adjacent back hole 53 both flow through the slits 55 
and merge within the slit 55 between both back holes 
53, and come into close contact so as to form the walls 
of the honeycomb structure while being continuously ex- 
truded. 

[0080] Now, looking more closely at two adjacent 
back holes 53, in the event that the material flow volume 
coming from one back hole 53 and the material flow vol- 
ume coming from the other back hole 53 are equal, the 
wall of the honeycomb structure is formed straight, and 
a normal honeycomb structure is obtained. However, in 
the event that there is relative difference in the material 
flow volume between the two adjacent back holes 53, 
the balance of the flow of material within the slit 55 col- 
lapses, and more material attempts to come out at cer- 
tain portions, resulting in the wall being bent. 
[0081] At the time of extrusion forming, this force 
bending the wall serves as a vibrating force, so the wall 
vibrates and undulates in the cell passage direction, and 
also in the cell passage cross-sectional direction the re- 
action causes the adjacent wall to be bent in the oppo- 
site direction, so viewing walls in a row in the cell pas- 
sage cross-sectional direction should also reveal undu- 
lations. 

[0082] According to the present invention, undula- 
tions are formed in the walls of the honeycomb structure 
by creating differences in such material flow volumes. 
Specifically, either the diameter of the through holes 
formed in the back plate is changed continuously from 
the periphery portion toward the center portion, or the 
back plate is formed in a recessed form such that the 



thickness decreases from the periphery portion toward 
the center portion, or the opposite thereof. Thus, the ma- 
terial flow resistance is continuously changed from the 
periphery portion toward the interior, thereby enabling 
making difference in the flow resistance of adjacent 
through holes, whereby undutated-wall honeycomb 
structures 1 and 11 shown in Fig. 1 and Fig. 2 above 
with all walls being formed having undulated shapes, 
can be obtained. 

[0083] Also, as shown in Fig. 6 (a) through (c), array- 
ing the through holes 52A in a lattice form, arraying the 
through holes 52B such that a through hole 52B is po- 
sitioned at the center of four through holes 52A forming 
a square, and changing the diameters of the through 
holes 52A and the through holes 52B, and using a back 
plate 51 with such an arrangement, causes walls formed 
at positions connecting the through holes 52A with the 
larger diameter to be undulated, and walls formed at po- 
sitions connecting the through holes 52B with the small- 
er diameter to be straight. Thus, undulated-wall honey- 
comb structures 31 and 41 such as shown in Fig. 3 and 
Fig. 4 with mixed undulated walls and flat walls can be 
obtained. 

[0084] Now, examples of materials which can be used 
for manufacturing the undulated-wall honeycomb struc- 
ture according to the present invention include ceramic 
materials such as cordierite, alumina, mullite, lithium 
aluminum silicate, aluminum titanate, zirconia, silicone 
nitride, aluminum nitride, and silicon carbide; or heat- 
resistant metal materials such as stainless steel; alumi- 
num alloy; and adsorbents such as activated charcoal, 
silica gel, and zeolite. Regarding the ceramic materials, 
one type of ceramic material may be used , of a compos- 
ite thereof may be used. 

[0085] Undulated-wall honeycomb structures can be 
obtained according to the configuration of the forming 
nozzle with other materials as well, as long as the ma- 
terial is capable of extrusion formation, so similar effects 
as those of the above can be expected with materials 
wherein particles of differing material or fibers have 
been dispersed and compounded in the above materials 
or polymers such as resins, or articles wherein the wall 
surfaces have been covered following extrusion. In ad- 
dition, in the case of wrapping metal foil in a corrugated 
manner to form a honeycomb structure, an undulated- 
wall honeycomb structure can be obtained by forming 
undulations in metal foil beforehand. 
[0086] The porosity of the ceramic material or the ad- 
sorbent used is preferably between 45% to 80%. With 
undulated walls, the wall capacity per unit capacity in- 
creases as compared to normal flat wall structures, so 
the thermal capacity of the honeycomb structure in- 
creases. Accordingly, this is disadvantageous from the 
perspective of a catalyst carrier taking into consideration 
heating of the catalyst, but increasing the material po- 
rosity of the honeycomb structure suppresses increases 
in the heat capacity of the honeycomb structure. Gen- 
erally, for exhaust gas purification catalyst carriers for 
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automobiles, cordierite honeycomb structures with an 
porosity of 25% to 35% are used, but with the undulated- 
wall honeycomb structure according to the present in- 
vention, the porosity of the material is suitably 45% or 
more and 80% or less. 5 
[0087] Making the porosity of the material to be 45% 
or more means not only does the thermal capacity of the 
walls decrease, but the roughness of the wall surface 
also becomes more pronounced due to the micropores 
in the surface of the walls, further improving the effects 
of contact with the exhaust gas, and moreover, the walls 
are porous, so even the micropores within the walls are 
brought to use. The porous nature which allows air pas- 
sage means that the article can be used as a filter for 
fine particle material, as well. In the event that the po- 
rosity exceeds 80%, the material strength drastically de- 
creases and also the percentage of gaps in the walls 
become so great that the effectiveness of contact with 
the exhaust gas actually decreases. 
[0088] Fig. 17 (a) and (b) are diagrams illustrating an 
embodiment of applying the undulated-wall honeycomb 
structure according to the present invention to a fine par- 
ticle substances removing filter, and with a fine particle 
substances removing filter shown here, as an example 
an undulated-wall honeycomb structure 1 7 (a cordierite 
honeycomb structure) is manufactured with wall thick- 
ness of 0.3 mm, cell density of 300 cpsi, outer diameter 
of 144 mm, length of 152 mm, and porosity of 65%, and 
seals 8 of the same cordierite material are applied alter- 
nately to the cell passages 2 at both ends of the honey- 
comb structure, thereby manufacturing a fine particle 
substances removing filter wherein exhaust gas passes 
through the porous cell wall 3, and test results wherein 
measurement was made of the fine particle substances 
capturing effectiveness of the filter installed partway 
along a diesel engine exhaust pipe showed the captur- 
ing effectiveness of the undulated-wall honeycomb 
structure to be improved by approximately 10% on the 
average over a normal flat-wall honeycomb structure. In 
addition, the same effects have been confirmed with an 
undulated-wall honeycomb structure filter using silicon 
carbide as the material thereof. Further, in the case of 
using silicon carbide as the material, there are also re- 
sults showing that the thermal shock resistance is ap- 
proximately 20% improved on the average as compared 
to normal flat-wall honeycomb structures. 
[0089] In the event of using the undulated-wall hon- 
eycomb structure according to the present invention as 
a fine particle substances removing filter, the wall thick- 
ness is preferably set to 0.2 to 1 .2 mm, and the cell den- 
sity to 50 to 600 cpsi. This thickness is sufficient to with- 
stand use of the undulated walls as filter layers. In the 
event that the wall thickness is thinner than 0.2 mm. The 
particle capturing performing at the wall deteriorates 
greatly. In addition, in the event that the wall thickness 
is greater than 1 .2 mm, the air passage resistance in- 
creases drastically, which is undesirable. In the event 
that the cell density is 50 cpsi or less, the wall surface 



area is too small, and the pressure loss level is too great. 
In the event that the cell density exceeds 600 cpsi, the 
cell opening area is too small, and the cells are readily 
clogged by fine particle substances or metal scaling, 
which is undesirable? 

[0090] In addition, in case of using the undulated-wall 
honeycomb structure as fine particle substances remov- 
ing fitter, a design wherein the undulated-wall honey- 
comb structure is an easily replaceable cartridge facili- 
tates maintenance work, which is desirable? In addition 
to fine particle substances, oxidized scales from the en- 
gine side, metal foreign objects, and ash components 
which remain after fine particle substances is proc- 
essed, all clog the undulated-wall honeycomb structure 
filter, and pressure loss increases. Such components 
are difficult to process by catalysts, so an arrangement 
wherein the honeycomb structure is a cartridge that is 
replaced at the point that the pressure loss reaches a 
tolerance limit allows the system to be used over an ex- 
tremely long time. 

[0091] The undulated-wall honeycomb structure ac- 
cording to the present invention is also suitably used as 
a catalyst carrier. The undulated structure accelerates 
the contact reaction between the catalyst component 
held on the wall surface and the exhaust gas, the accel- 
erated catalytic reaction generates catalytic reaction 
heat, which is advantageous in that the exhaust gas 
temperature rises early on and the catalyst is activated, 
and heating is improved for the time immediately after 
cold-starting the engine in particular, so emissions of 
HC, NOx, and CO can be reduced as compared to nor- 
mal honeycomb structures. Also, not only gaseous com- 
ponents of HC, NOx, and CO, but also solid components 
having carbon as a nucleus which is the component of 
particulate substances emitted from diesel engines, and 
fine particle substances of SOF which is non-combusted 
components of fuel and oil, are more readily captured 
by the undulated wall structure as compared to a normal 
flat wall, and at the same time, fine particle substances 
can be purified more effectively due to the effects of the 
catalyst activated by higher temperatures. With normal 
flat-wall honeycomb structures, capturing fine particle 
substances on the wall surface is difficult, and the gas 
flow within the call passages is almost a laminar flow, 
so fine particle substances with particularly small diam- 
eter readily passes through the cell passages without 
any interaction. The undulated-wall structure according 
to the present invention allows fine particle substances 
with particularly small diameter to be captured by the 
wall surface without passing through unchecked. 
[0092] In order to remove fine particle substances 
from the exhaust gas, often, an arrangement is used 
wherein the cell walls of the honeycomb structure are 
formed of a porous material with sufficient air passing 
properties, and the entrances and exits to the cell pas- 
sages at both ends of the structure are alternately 
closed off in a staggered manner so as to form a filter 
structure, and exhaust gas is forcibly passed through 
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the cell walls so as to physically capture the fine particle 
substances at the walls. With a method using such a 
filter configuration, the fine particle substances accumu- 
late on the wall surfaces and in the micropores of the 
walls, so the pressure loss of the filter structure increas- 5 
es drastically. In this case, the fine particle substances 
which has accumulated is periodically burned and re- 
moved by exhaust gas heating with a heater provided 
upstream of the filter, thereby reviving the filter and re- 
storing pressure loss. Or, a catalyst component is car- 
ried on the filter walls and the filter is revived by process- 
ing of the fine particle substances by the effects thereof, 
or an oxidizing catalyst is set upstream from the filter 
and the fine particle substances accumulated in the filter 
is processed thereby and the filter is revived. However, 
with these methods, sudden increase of pressure loss 
is not readily avoidable until reviving, and further ash 
components continue to accumulate on the walls follow- 
ing reviving, so over a long period the cells become 
clogged, inviting increased pressure loss. 
[0093] With the present invention, in addition to the 
undulated-wall honeycomb structure 17 (fine particle 
substances removing filter) shown in Fig. 17 (a) and (b) 
as shown above, catalyst is carried by the undulated- 
wall honeycomb structure, and the fine particle sub- 
stances capturing properties and contact reaction prop- 
erties with the catalyst are raised, thereby allowing the 
fine particle substances capturing capabilities of a filter 
structure wherein seals 8 are applied to be improved. 
Also, even in arrangement wherein the closed-off struc- 
ture is not used, carrying catalyst improves the fine par- 
ticle substances capturing capabilities as compared to 
normal flat walls, and there is temperature increase due 
to the contact reaction activation with the catalyst, so 
fine particle substances can be processed. These ef- 
fects can be further improved by increasing the wall sur- 
face area by increasing the cell density and reducing the 
wall thickness to reduce thermal capacity. Increasing 
the cell density increasing the contact area between cat- 
alyst and exhaust gas, and the hydraulic diameter of the 
cell passage is reduced, so fine particle substances can- 
not readily pass through the cell passage all the way, 
and thus capturing properties at the wall are improved. 
[0094] With the undulated-wall honeycomb structure 
used for such as catalyst carrier, the. wall thickness is 
preferably around 0.01 to 0.12 mm. Thus, increase in 
pressure loss at the time of gas passage due to the walls 
being undulated can be suppressed, and high thermal 
capacity which is a problem at the time of carrying cat- 
alyst can be suppressed. Making the wall thickness to 
be 0.1 mm or less allows pressure loss and thermal ca- 
pacity to be further reduced, which is even more prefer- 
able. However, in the event that the wall thickness is too 
thin, the strength of the walls themselves is insufficient, 
so the wall thickness should be 0.01 mm or more. Also, 
in the event that the wall is formed of a metal material, 
making the walls to thin results in marked deterioration 
in acid resistance or corrosion resistance under high 
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temperature environments, which is undesirable. 
[0095] In addition, the cell density is preferably around 
200 to 3000 cpsi. In the same way as making the wall 
thickens thinner, this suppresses high thermal capacity 
which is a problem at the time of carrying the catalyst, 
and also strength necessary for the honeycomb struc- 
ture can be ensured. Further, GAS (geometric surface 
area) can be sufficiently obtained, so contact efficiency 
between the gas and walls improves. In the event that 
the cell density is less than 200 cpsi, the wall surface 
area is too small, and improvement in catalyst properties 
is insufficient. Catalytic purification efficiency will im- 
prove as the cell density is increased even with a hon- 
eycomb structure having normal flat walls, but the cat- 
alytic purification efficiency levels off at around 1 000 cp- 
si. On the other hand, when using an undulated-wall 
honeycomb structure, the catalytic purification efficien- 
cy did not level off even above 1 000 cpsi or so. However, 
there was little improvement in catalytic purification ef- 
ficiency after exceeding around 3000 cpsi. 
[0096] Fig. 24 shows an example of a relational line 
34 of the relation of the cell density of a flat-wall honey- 
comb structure and the hydraulic diameter within the 
cells, and a relational line 33 of the relation between the 
cell density and the geometric surface area GSA. As can 
be understood from this diagram, the hydraulic diameter 
decreases as the cell density increases, but the degree 
of decrease lessens from around 1 000 cpsi, and further 
lessens from around 3000 cpsi. Reduction in the hy- 
draulic diameter reduces the spatial distance between 
the molecules in the exhaust gas and the wall surface 
within the cells, meaning that the probability of contact 
between gas molecules and wall surface increases, so 
it can be though that catalytic purification effectiveness 
is improved by the increased probability of contact be- 
tween the gas molecules and wall surface from around 
1000 cpsi to around 3000 cpsi. 

[0097] On the other hand, the geometric surface area 
GSA of the cell walls increases as the cell density in- 
creases, but the degree of increase lessens from around 
1000 cpsi, and further lessens from around 3000 cpsi. 
Increase of GSA means that the contact area of the gas 
molecules and the wall surface increases, so it is 
thought that catalytic purification effectiveness im- 
proves by the synergistic effect of reduction in hydraulic 
diameter and increase in GSA up to around 1000 cpsi. 
However, from around 1000 cpsi on, the degree of de- 
crease in hydraulic diameter and the degree of increase 
in GSA both decrease, and accordingly it can be though 
that this is why the effectiveness levels off at with nor- 
mal-wall honeycomb structures. Further, the dispersion 
effect of catalyst component accompanying increase in 
GSA becomes excessive, and the catalyst component 
becoming thin can also be considered as a factor. Using 
an undulated-wall honeycomb structure makes the gas 
flow within the cell passages to be no n -station any, and 
further the hydraulic diameter of the cells change so the 
contact effect between the gas molecules and the wall 
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surface is greatly improved, and consequently it can be 
thought that the catalytic purification effectiveness does 
not level off at around 1000 cpsi and even up to around 
3000 cpsi. It is thought that the contrary effects of in- 
creased GSA caused the effectiveness to level off after 
around 3000 cpsi, but it is expected that a certain 
amount of improvement can be made by increasing the 
amount of catalyst held. 

[0098] Fig. 18 (a) and (b) are explanatory diagrams 
showing an example of a positional arrangement for us- 
ing the undulated-wall honeycomb structure according 
to the present invention as an exhaust gas purification 
catalytic converter. As already described with reference 
to Fig. 5, the unduiated-wall honeycomb structure ac- 
cording to the present invention can be suitably used as 
a vehicle exhaust gas purification catalyst carrier. Fig. 
18 (a) shows an exhaust gas purification catalytic con- 
verter system 97 wherein an undulated-wall honeycomb 
structure 18 is disposed at the exhaust upstream side 
at the front, and a flat-wall honeycomb structure 28 is 
disposed at the exhaust downstream side at the back, 
so as to serially link the two and store in a single con- 
verter. In this case, the undulated-wall honeycomb 
structure 18 has a so-called catalyst light-off function, 
wherein the catalyst is activated early on after starting 
the engine, raising the exhaust gas temperature, so as 
to activate the catalyst in the latter structure early on 
after starting the engine and purify the harmful compo- 
nents within the exhaust gas. The former is for lighting 
the catalyst, and accordingly the honeycomb structure 
1 8 is preferably relatively small in capacity, thus allowing 
the length of the honeycomb structure 18 to be short- 
ened, which lends to reducing pressure loss. 
[0099] As shown in Fig. 18 (b), an arrangement may 
be made wherein the structures are not stored within 
one converter, but are separated and installed and fore 
and aft converters. Such an exhaust gas purification cat- 
alytic converter system 98 is preferable since the free- 
dom in design of the vehicle exhaust system increases. 
The undulated-wall honeycomb structure 18 also has 
excellent heat-resistant shock properties, and accord- 
ingly is suitable for cases of mounting near the engine 
at the upstream side of the exhaust. 
[0100] As shown in Fig. 19 (a), alternately arraying a 
plurality of undulated-wall honeycomb structures 1 9 and 
flat-wall honeycomb structures 29 in serial fashion ena- 
bles an exhaust gas purification catalytic converter sys- 
tem 91 which has even higher catalytic cleaning capa- 
bilities to be obtained. 

[0101] In addition, as shown in Fig. 19 (b), an exhaust 
gas purification catalytic converter system 93 may be 
configured using the undulated-wall honeycomb struc- 
ture 19 downstream. This arrangement is suitable for 
cases wherein marked improvement of catalytic clean- 
ing capabilities immediately following a cold start are de- 
sired over improvement of activation of the catalyst im- 
mediately following a cold start, or in the event that cap- 
turing and processing fine particle substances with the 



undulated-wall honeycomb structure 19 is desired. 
[0102] Fig. 20 (a) and (b) are explanatory diagrams 
illustrating another yet example of a positional arrange- 
ment for using the undulated-wall honeycomb structure 
5 according to the present invention as an exhaust gas 
purification catalytic converter. 

[0103] As shown in Fig. 20 (a), an exhaust gas purifi- 
cation catalytic converter system 90 is also proposed 
wherein the undulated-wall honeycomb structure 20 

10 serving as a catalyst carrier is disposed at the front or 
upstream side, and a fine particle removing filter 30 
which is an undulated-wall honeycomb structure is dis- 
posed at the back or downstream side. The filter dis- 
posed at the back or downstream side may use a normal 

15 honeycomb structure, which is not an undulated-wall 
structure. Of course, a design may be employed where- 
in the honeycomb structures are not stored in separate 
metals cases 89 as shown in Fig. 20 (a) but rather 
wherein the catalyst carrier and filter are stored in a sin- 

20 gie metal case 89 as shown in Fig. 20 (b). 

[0104] Also, in addition to begin suitably used as ex- 
haust gas purification catalyst carriers for internal com- 
bustion engines of various types, particularly as exhaust 
gas purification catalyst carriers for vehicles, the undu- 

25 lated-wall honeycomb structure according to the 
present invention is also suitably used for exhaust gas 
purification systems wherein the honeycomb structure 
is electrically charged for electric adsorption of fine par- 
ticles, systems for purification exhaust gas with non- 

30 thermal equilibrium plasma (non-thermal plasma) or mi- 
crowave discharge plasma, as deodorizing catalyst car- 
riers of various types, and even as chemical reactor car- 
riers such as a modifying catalyst carrier for fuel cells or 
the like. 

35 [0105] Fig. 21 shows an exhaust gas purification sys- 
tem 86 which employs the electrostatic dust collection 
method using high-voltage corona discharge which is 
used for purification exhaust gas from fixed sources, 
such as for removing floating fine particles or dioxin. 

40 With this system, using the undulated-wall honeycomb 
structure 40 enables increased fine particle substances 
capturing properties at the walls by Coulomb force and 
the synergistic effects of the undulated walls. With this 
example, a doughnut-shaped undulated-wall honey- 

45 comb structure 40, which has been hollowed out, is 
used, and a needle-shaped discharging negative elec- 
trode 39 is inserted therein. In addition, an arrangement 
may be made wherein a fine discharging electrode is 
inserted into the cells of the undulated-wall honeycomb 

so structure 40. Forming the honeycomb structure of metal 
allows the honeycomb structure itself to serves as a 
ground electrode 38. 

[0106] Also, as shown in Fig. 22, an exhaust gas pu- 
rification system 87 enables exhaust gas purification ef- 
55 fects to be further increased, wherein a load of high volt- 
age is applied in pulses from a high-voltage source 37 
to the undulated-wall honeycomb structure 40 to cause 
electrolytic dissociation within the exhaust gas passag- 



14 



27 EP 1 125 704 A1 28 



es and forms plasma, this system using non-thermal 
equilibrium plasma which causes oxidizing reactions by 
radicals generated in the exhaust gas, or plasmas such 
as microwave discharge. In addition, causing the undu- 
lated-wall honeycomb structure 40 to carry catalyst is 5 
even more effective, due to the aiding effects of the cat- 
alyst. Accelerating radical reactions using tourmaline 
components is also effective. 

[0107] The undulated-wall honeycomb structure an 
also be used forfuel cell system components. Examples 
of fuel cell systems include dispersion generation sys- 
tems which may be combined with automotive use or 
relatively small co-generator systems, Polymer Electro- 
lyte Fuel Cell (PEFC) systems used as portable power 
sources, and so forth. 

[01 08] Fig. 23 is an example of a polymer fuel cell sys- 
tem. With a fuel cell system, extracting hydrogen 72 at 
an early stage from fuel 58 such as methanol, natural 
gas, modified gasoline, etc. that has been transported 
to the modifier 67 of the fuel cell, sending the hydrogen 
72 to the fuel cell stack 65, and effectively reacting the 
hydrogen 72 with oxygen at the fuel cell stack 65 to ex- 
tract electricity, is necessary for the effectiveness of the 
modifier 63, and for improving the overall operating ef- 
ficiency of the entire fuel cell system. Raising the tem- 
perature of the catalyst within the modifier 63 at an early 
point is important, this being the same operation as that 
of the exhaust gas purification catalyst, and using the 
undulated-wall honeycomb structure is effective for rais- 
ing the efficiency of the modifier 63 and also enables the 
modifier 63 to be reduced in size. Conventionally, pellet 
catalyst was used for the modifier 63, but using the hon- 
eycomb structure allows modifying catalyst to be con- 
figured with low pressure loss, high surface area, and 
low thermal capacity, leading to further effectiveness by 
use of the undulated-wall honeycomb structure. Also, 
the fuel cell stack 65 generally uses a structure wherein 
carbon separators and solid polymer electrolytic film are 
laminated, to which a honeycomb structure can be ap- 
plied, and using the undulated-wall honeycomb struc- 
ture enables increasing efficiency and hence reduction 
in size. Use as a hydrogen-separating filter can also be 
conceived. With the present example, the structure of 
the modifier 63 is such that fuel 58 which has passed 
through a de-sulferizing device 62 and water vapor pass 
through the catalyst using the undulated-wall honey- 
comb structure. This is also true for mid-scale dispersion 
generation and Solid Oxide Fuel Cells (SOFC) used for 
large-scale generation. 

[01 09] Recent stricter exhaust gas restrictions require 
suppressing not only components emitted while the ve- 
hicle is operating, but also suppressing leakage of vol- 
atile components of fuel leaking from the fuel tanks of 
vehicles and from the fuel tanks at fuel supplying facili- 
ties. Fig. 26 shows an example of applying the undulat- 
ed-wall honeycomb structure to a fuel tank evaporation 
system. Generally, adsorbents such as activated char- 
coal are used in canisters for suppressing leakage of 



volatile components of fuel 59 from the fuel tanks 57 of 
vehicles, and the undulated-wall honeycomb structure 
25 or a filter comprising the undulated-wall honeycomb 
structure 25 can be used for such evaporation systems 
for effectively suppressing leakage of volatile compo- 
nents of fuel 59. 

[01 1 0] Honeycomb structures have also been put into 
practical use as a lightweight structural member as a 
sandwich panel also having cushioning properties, used 
with cardboard and building materials, and such struc- 
tures formed of aluminum alloys are used for aircraft 
wings, but forming an undulated-wall honeycomb struc- 
ture 26 of sandwich panels such as shown in Fig. 27 
allows the cushioning properties to be increased. 

(Embodiments) 

[0111] Next, the properties of the undulated-wall hon- 
eycomb structure according to the present invention will 
be described with comparison to a conventional honey- 
comb structure. 

[0112] For the materials, water and binder is added to 
cordierite of which the main ingredients are talc, kaolin, 
and alumina, the mixture is kneaded, an undulated-wall 
honeycomb structure 1 (first embodiment) with all walls 
formed with undulated shapes as shown in Fig. 1 (a) 
and (b) and an undulated-wall honeycomb structure 31 
(second embodiment) wherein undulated walls and flat 
walls are mixed as shown in Fig. 3 are formed using the 
recessed back plate wherein the thickness changes and 
the back plate wherein the diameters of the through 
holes differ, and the articles were cut to predetermined 
lengths and baked following drying, thus obtaining the 
present invention. 

[0113] Also, for the sake of comparison, a normal hon- 
eycomb structure (first comparative example) wherein 
there are no undulated deformations on the walls and 
the cross-sectional form of the cell passages is square, 
using the same material as the first and second embod- 
iments. The first and second embodiments and the com- 
parative example thus fabricated had wall thickness of 
0.09 mm, cell density of 400 cpsi (62/cm 2 ), external di- 
ameter of the honeycomb structure of 100 mm, length 
of the honeycomb structure 150 mm, thickness of the 
outer wall of 0.25 mm, amount of deformation of the un- 
dulated walls of 0.2 mm in amplitude (approximately 
twice of the wall thickness), and undulation pitch in the 
cell passage direction (one wavelength) of approximate- 
ly 1 .3 mm. Also, the porosity of the material was approx- 
imately 35%, and the average thermal expansions co- 
efficient in the cell passage direction at 40 to 800°C was 
0.4x10- 6 /°C. 

[0114] Further, as a second comparative example, a 
normal honeycomb structure with no deformations on 
the walls was manufactured with the number of cells in- 
creased to more than twice, i.e., a cell density of 900 
cpsi (140/cm 2 ), with the same wall thickness. 
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(Purification capabilities test) 

[01 15] A wash coat of v-alumina component was ap- 
plied to the obtained honeycomb structures, upon which 
precious metal components of platinum, rhodium, and 
palladium were carried on the coated layer so as to fab- 
ricate a catalyst member, and this catalyst member was 
hold within a metal container using a ceramic fiber mat, 
thus fabricating a catalytic converter. The amount of cat- 
alyst (precious metal component) held therein was set 
so as to be the same per unit capacity of honeycomb 
structure, and since the honeycomb structures were all 
the same size, the amount carried was also the same. 
[01 1 6] The fabricated catalytic converter was mount- 
ed underneath the floorboard (at a position 1100 mm 
from the engine) of a 1 998 model vehicle having a ^cyl- 
inders liter gasoline engine, and purification capability 
testing according to the exhaust gas restriction mode 
FTP-75 which is representative of such in the USA. Note 
that the catalytic converter has been subjected to 50 
hours of aging at 850°C with another engine before this 
mode test. 

[0117] The test results are shown in Fig. 7. In Fig. 7, 
the emission of the comparative example 1 is used as 
a reference and the other samples are standardized. It 
was found that the emission of hydrocarbons (HC), car- 
bon monoxide (CO), and oxides of nitrogen (NOx) of the 
first embodiment was markedly lessened as compared 
to the comparative example 1 which is a normal article 
with the same 400 cells. In addition, excellent purifica- 
tion capabilities were confirmed in comparison with the 
other second comparative example with 900 cpsi, as 
well. 

[01 1 8] Now, as described above, though using the un- 
dulated-wall honeycomb structure with undulated walls 
(first embodiment) yields excellent purification capabili- 
ties as compared to the normal article with the same cell 
density (first comparative example) or the article with 
high cell density (second comparative example), but the 
pressure loss is higher than that of the article with high 
cell density, so there are disadvantages regarding en- 
gine power output and fuel mileage. Accordingly, the 
pressure loss can be made to be around the same level 
as that of the high cell density article by partially forming 
undulated walls as with the undulated-wall honeycomb 
structure according to the second embodiment, rather 
than forming ail walls undulated. 
[0119] Testing the purification capabilities for a con- 
verter using the undulated-wall honeycomb structure 
according to the second embodiment yielded the results 
shown in Fig. 7, wherein the emissions such as HC in- 
creased as compared to the first embodiment, bit the 
purification capabilities are better than those of the first 
comparative example, and particularly the purification 
capabilities of CO and NOx in particular are better than 
the second comparative example as well. 



(Isostatic strength test) 

[0120] The isostatic strength test is a test performed 
by placing the honeycomb structure within a rubber cy- 

5 lindrical container, closing an aluminum plate lid, and 
placing isotropic pressure thereupon underwater, there- 
by reproducing the compression load weight on the hon- 
eycomb structure being held by the outer periphery por- 
tion of the converter can. The isostatic strength is rep- 

10 resented by the value of the pressure being applied at 
the instant that the honeycomb structure is destroyed, 
and is stipulated in Stipulation M505-87 of the automo- 
bile stipulations issued by the Society of Automotive En- 
gineers of Japan, Inc (JASO stipulation). Usually, a can- 
's ning structure which takes advantage of external periph- 
ery portion holding of the honeycomb structure is used 
for automobile exhaust gas purification catalytic con- 
verters, and of course, the higher the isostatic strength 
is, the better, from the perspective of canning. 

20 [01 21 ] The results of performing the isostatic destruc- 
tive strength test wherein compressing force from water 
pressure is placed upon alt sides of the honeycomb 
structure using the first and second embodiments and 
the first comparative example is shown in Fig. 8, with 

25 the measurement values of the comparative example 1 
used as a reference and the other samples standard- 
ized. The undulated-wall honeycomb structure accord- 
ing to the first embodiment exhibited higher isostatic de- 
structive strength than the honeycomb structure article 

30 according to the first comparative example. It is thought 
that with normal honeycomb structures such as the first 
comparative example, in the event that deformations of 
walls and deformation of cell lattices due to manufactur- 
ing conditions exist in the honeycomb structure, de- 

35 struction occurs at relatively low strengths with the de- 
formed portion as the description point. On the other 
hand, it is though that with the first embodiment wherein 
the walls are formed undulated, absorption of the com- 
pressing force by the undulated walls occurs throughout 

to the entire honeycomb structure, and thus destructive 
strength is increased. Based on such factors, the sec- 
ond embodiment exhibited properties intermediate be- 
tween the first embodiment and the first comparative ex- 
ample. 

45 

(Compressive strength test) 

[0122] JASO Stipulation M505-87 stipulates that 
compressive strength is to be measured in each of the 

50 A-axial, B-axial, and C-axial direction for a square cell. 
The method for extracting a measurement sample is 
shown in Fig. 9. For the A-axial destructive strength, a 
cylindrical sample (A-axis sample 82) 25.4 mm in diam- 
eter and 25.4 mm in length is extracted from the honey- 

55 comb structure 81 so that the longitudinal direction of 
the cylindrical form is in the cell passage direction (the 
A axis), and the strength is the value obtained by divid- 
ing the destructive load compressing the A-axial sample 
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In the cell passage direction by the area of the compres- 
sion plane. In the same way, for the B-axial destructive 
strength, a sample (B-axis sample 82) is taken in the B- 
axial direction perpendicular to the A axis following the 
walls and measured, and also, for the C-axial destruc- 
tive strength, a sample (C-axis sample 83) is taken in 
the C-axial direction perpendicular to the A axis and ro- 
tated 45° on the cell passage cross-section from the B- 
axial direction, and measured. 

[0123] The results of the compressive strength test 
are shown in Fig. 10, with the comparative example 1 
used as a reference and the other samples standard- 
ized. As can be seen from the results of the first and 
second embodiments, the compressive strength with 
undulated walls decreases in the A-axial direction, but 
tends to increase in the B-axial direction. Accordingly, it 
can be thought that this increase in compressing 
strength in the B-axial direction is lending to the im- 
provement of the isostatic strength. 
[0124] Incidentally, the reason that with the first and 
second embodiments the A-axial compressive strength 
does not increase as with the B-axial compressive 
strength even though undulations are formed in the A- 
axial direction which is the cell passage direction is 
though to be compressing force cannot be absorbed at 
the intersecting portions in the A-axial direction since 
the intersecting portions of the walls are not deformed 
in an undulating manner in the A-axial direction. 
[0125] Now, a similar phenomenon was observed re- 
garding the bending strength, as well. However, with the 
honeycomb structure canning holding method for cata- 
lytic converters which is common nowadays, holding the 
honeycomb structure by the side surface with a ceramic 
fiber mat or wire mesh mat is most common, so deteri- 
oration in strength in the A-axial direction will not be a 
major problem in canning. 

(Thermal shock resistance testing) 

[0126] JASO Stipulation M505-87 stipulates the 
method for testing thermal shock resistance. First, a 
honeycomb structure at room temperature is placed into 
an electric furnace maintained at room temperature and 
a predetermined humidity, held for 20 minutes, and sub- 
sequently taken out onto fireproof bricks. If observing 
the exterior and lightly tapping the periphery portion of 
the honeycomb structure with a metal bar does not re- 
sult in cracks being observed, and the striking sound is 
a metallic sound and is not dull, the article passes. Next, 
the same testing is repeatedly performed with the oven 
temperature 50°C higher each time, until the articlefails. 
Thus, in the event that an article fails at room tempera- 
ture +950°C for example, this means that the thermal 
shock resistance have a 900°C difference. Note that the 
exhaust gas temperature tends to rise each year, and 
the catalyst members are being placed at positions clos- 
er to the engine, so the thermal shock resistance re- 
quired of the honeycomb structure are even stricter. 



[0127] The results of the thermal shock resistance 
test are shown in Fig. 11 , with the measurement values 
of the comparative example 1 used as a reference and 
the results of the other samples standardized. The first 

5 embodiment was found to have improved thermal shock 
resistance as compared to the first comparative exam- 
ple. In addition, the second embodiment exhibited inter- 
mediate thermal shock resistance between those of the 
first embodiment and the first comparative example. 

10 Thus, it can be thought that forming the walls with un- 
dulated shapes facilitates absorption of thermal stress 
warping through the entirety, thereby improving thermal 
shock resistance. 



[0128] The water absorption percentage test is per- 
formed by first measure the dry mass (M.,) of the hon- 
eycomb structure which is the sample to be measured, 
next the sample is placed in water with the cell direction 
vertical, the sample is taken out of the water following 
one minute in the water and excess water is shaken off 
lightly. Next, the sample is placed in water again with 
the cell direction vertical, and the sample is taken out of 
the water following one minute. The sample is placed 
on a conveyer with the cell direction vertical, passed un- 
derneath an air nozzle which moves reciprocally in di- 
rections at right angles to the direction of progression of 
the conveyer, and the water-absorption mass (M 2 ) is 
measured after excessive water has been blown off by 
the air. The percentage of water absorption is cal- 
culated by = (M 2 - M^/M, x 100 (wt%). 
[0129] The results of the water absorption properties 
of the samples measured by such a testing method is 
shown in Fig. 12, with the comparative example 1 used 
as a reference. As can be clearly understood from Fig. 
1 2, with the same cell density, the water absorption per- 
centage increases with increased portions formed with 
undulated shapes in the walls, i.e., with increased wall 
surface area. 

[0130] With regard to the wash coat of y-alumina on 
the honeycomb structure, the higher the water absorp- 
tion percentage is the better, and the amount of wash 
coat of Y-alumina tends to increase since the amount of 
catalyst being carried has been tending to increase re- 
cently for improved catalyst purification capabilities. At 
this time, higher water absorption is more advantageous 
since the amount coated per coat increases. According- 
ly, the undulated-wall honeycomb structure according to 
the present invention has excellent wash coat holding 
capabilities, and thus can be said to be more advanta- 
geous than normal honeycomb structures from the per- 
spective of carrying catalyst. 

[0131] The above has been a description of the undu- 
lated-wall honeycomb structure according to the 
present invention and the manufacturing method there- 
of, mainly with reference to an arrangement with a 
square cell cross-sectional shape which has good me- 



15 (Water absorption percentage measurement) 



20 



25 



30 



35 



40 



45 



50 



17 



33 



EP1 125 704 A1 



34 



chanical properties and is easy to manufacture, but it is 
needless to say that the present invention can be ap- 
plied to honeycomb structures having other cell cross- 
sectional shapes, as well. That is, ail or part of the walls 
in honeycomb structures with triangular or hexagon- 
shaped cell cross-sections may be formed with undulat- 
ed shapes. 

Industrial Applicability 

[0132] As described above, with the undulated-wall 
honeycomb structure according to the present invention 
and the manufacturing method thereof, various advan- 
tages can be obtained such as improved exhaust gas 
purification capabilities and catalyst capabilities, im- 
proved mechanical strength for canning, and further im- 
proved thermal shock resistance, meaning that the 
present invention has outstanding advantages enabling 
installing closerto combustion engines such as engines 
with higher exhaust gas pressure and higher exhaust 
gas temperature. In addition, the wash coat properties 
improve, which is advantageous with regard to the man- 
ufacturing process of the catalyst member. The undu- 
lated-wall honeycomb structure according to the 
present invention is suitably used as a internal combus- 
tion engine exhaust gas purification catalyst carrier or 
deodorizing catalyst carrier for vehicle exhaust gas and 
the like, as a filter for various types of filtering devices, 
as a heat exchanger unit, or as a chemical reactor car- 
rier such as a modifying catalyst carrier for fuel cells or 
the like. 



Claims 

1. An undulated-wall honeycomb structure having a 
plurality of cell passages, which are mutually paral- 
lel in channel direction; 

wherein intersection portions between walls 
partitioning said cell passages are formed so as to 
maintain a predetermined pitch at cross-sections 
perpendicular to said cell passages and positioned 
systematically, and wherein the wall face portions 
of said walls excluding said intersection portions are 
formed so as to have an undulated shape in both 
the cell passage direction and the cross-sectional 
direction perpendicular to said cell passage direc- 
tion. 

2. An undulated-wall honeycomb structure according 
to Claim 1 , wherein, regarding each of said cell pas- 
sages, the wall face portions of an opposing pair of 
said walls are each formed so as to have an undu- 
lated shape, such that recessions and protrusions 
on one wall face portion and recessions and protru- 
sions on the other wall face portion are positioned 
with the protrusions of each facing one another and 
the recessions of each facing one another, or with 



the protrusions and the recessions facing one an- 
other. 

3. An undulated-wall honeycomb structure according 
s to either Claim 1 or 2, wherein said wad face por- 

tions formed with an undulated shape and wall face 
portions formed with a flat shape are formed in an 
intermingled fashion. 

10 4. An undulated-wall honeycomb structure according 
to any of the Claims 1 through 3, wherein, regarding 
each of said cell passages, at least one of said plu- 
rality of walls making up said cell passage is formed 
with an undulated shape. 

15 

5. An undulated- wall honeycomb structure according 
to any of the Claims 1 through 4, wherein the undu- 
lated deformation whereby said walls are formed 
with an undulated shape is greater at the outer por- 

20 tion that at the center portion. 

6. An undulated-wall honeycomb structure according 
to any of the Claims 1 through 5, wherein the am- 
plitude of the undulated deformation of walls are 

25 formed with an undulated shape is 150% of the 
thickness of said walls or more. 

7. An undulated-wall honeycomb structure according 
to any of the Claims 1 through 6, wherein a line con- 

30 necting the highest portions of the protrusions and/ 
or the lowest portions of the recessions of the wall 
face portions formed with an undulated shape in 
said cell passage direction repeats a pattern of turn- 
ing in the vertical direction to said cell passage di- 

35 rection on said wall face. 

8. An undulated-wall honeycomb structure according 
to any of the Claims 1 through 7, wherein cell pas- 
sages formed by said wall face portions of said walls 

40 formed in an undulated shape and cell passages 
formed by said wall face portions of said walls 
formed in a flat shape appear and coexist in a dis- 
continuous manner. 

45 g. An undulated-wall honeycomb structure according 
to any of the Claims 1 through 8, comprising a cell 
passage area A formed with a generally circular 
cross-section from the center, and a cell passage 
area B formed with a generally ring-shaped form at 

so the outer side of said cell passage area A: 

wherein said cell passage area A contains cell 
passages formed by said wall face portions of 
said walls formed having an undulated shape; 
55 and wherein said cell passage area B compris- 

es cell passages formed by said wall face por- 
tions of said walls formed having a flat shape; 
and wherein the thickness of the walls of the 
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cell passages within said cell passage area B 
Is greater than the thickness of the walls of the 
cell passages within said cell passage area A, 
and also wherein the thickness thereof increas- 
es in stages from the inner circumference por- 
tion toward the outer portion portion or only in- 
creases in stages near the boundary between 
area B and area A. 



minum nitride, and silicon carbide; or one of the fol- 
lowing group: stainless steel, aluminum alloy; or an 
adsorbent of either activated charcoal or silica gel 
or zeolite. 

11. An undulated-wall honeycomb structure according 
to Claim 10, wherein the porosity of the material 
used is between 45% to 80%. 

12. A fine particle removing filter using the undulated- 
wall honeycomb structure according to Claim 11, 
comprising filtering layers of walls partitioning the 
cell passages, by plugging one end of particular cell 
passages of said undulated-wall honeycomb struc- 
ture and also plugging the other end of the remain- 
ing cell passages. 

1 3. A fine particle removing filter according to Claim 1 2 
wherein the surface roughness of the undulated 
walls of said undulated-wall honeycomb structure 
is 10% or more in Valley Level. 

14. A fine particle removing filter according to Claim 12 
wherein the wall thickness of said undulated-wall 
honeycomb structure is around 0.2 to 1 .2 mm. 

1 5. A fine particle removing filter according to Claim 1 2 
wherein the cell density of said undulated-wall hon- 
eycomb structure is around 50 to 600 cpsi (cells per 
square centimeter). 

16. An undulated-wall honeycomb structure according 
to any one of the Claims 1 through 1 3, which is used 
as an exhaust gas purification catalyst carrier for ve- 
hicles, and carries catalyst on the surface on the 
cell wall face and/or in micropores within the walls 
of said honeycomb structure. 

17. An undulated-wall honeycomb structure according 
to Claim 16 wherein the wall thickness is around 
0.01 to 0.12 mm. 

18. An undulated-wall honeycomb structure according 



to Claim 16 wherein the cell density is around 200 
to 3000 cpsi (cells per square inch). 

19. An exhaust gas purification catalytic converter, us- 
5 ing the undulated-wall honeycomb structure ac- 
cording to Claim 1 6. 

20. An exhaust gas purification catalytic converter ac- 
cording to Claim 19, wherein the catalyst compo- 
nent is at least one of or a compound of a plurality 
of the following group: a three way catalyst, an oxide 
catalyst, an NOx reducing catalyst, a sulfide cata- 
lyst, a volatile organic gas VOC (Gaseous Organic 
Compounds), and a dioxins decomposing-remov- 
ing catalyst. 

21 . An exhaust gas purification catalytic converter sys- 
tem comprising a plurality of the exhaust gas puri- 
fication catalytic converter according to Claim 19 

20 and a plurality of catalytic converters wherein cata- 
lyst is carried on a normal flat-wall honeycomb 
structure, said catalytic converters being serially al- 
ternately arrayed. 

25 22. An exhaust gas purification catalytic converter sys- 
tem, wherein the exhaust gas purification catalytic 
converter according to Claim 1 9 is placed to the up- 
stream side of the exhaust, and the fine particle re- 
moving filter according to Claim 1 2 or a fine particle 
30 removing filter comprising a normal flat-wall honey- 
comb structure is placed to the downstream side of 
the exhaust. 

23. An exhaust gas purification catalytic converter sys- 
35 tern according to Claim 22, wherein each of said fine 

particle removing filters is a readily-exchangeable 
cartridge type. 

24. An exhaust gas purification system using the undu- 
<to lated-wall honeycomb structure according to Claim 

16, for capturing fine particle substances in the ex- 
haust gas, said exhaust gas purification system 
comprising: 

means for charging said undulated-wall hon- 
45 eycomb structure and electrically capturing said 
fine particle substances. 

25. An exhaust gas purification system using the undu- 
lated-wall honeycomb structure according to Claim 

so 1 6, for capturing fine particle substances in the ex- 
haust gas, said exhaust gas purification system us- 
ing non-thermal equilibrium plasma (non-thermal 
plasma) or microwave discharge plasma. 

55 26. Afuel tank evaporation system using the undulated- 
wall honeycomb structure according to Claim 1 6, for 
suppressing external leakage of volatile compo- 
nents of fuel. 



10. An undulated-wall honeycomb structure according 10 
to any of the Claims 1 through 9, wherein the ma- 
terial thereof is one or a composition of a plurality 
of the following group of ceramic materials: cordier- 
ite. alumina, mullite, lithium aluminum silicate, alu- 
minum titanate, titania, zirconia, silicone nitride, alu- is 
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27. An exhaust gas purification system according to ei- 
ther Claim 24 or 25, wherein said undulated-wall 
honeycomb structure is a readily exchangeable car- 
tridge type configuration. 

5 

28. A fuel cell system component using the undulated- 
wall honeycomb structure according to Claim 16. 

29. A sandwich panel using the undulated-wall honey- 
comb structure according to Claim 1 6. 10 

30. A method for manufacturing an undulated-wall hon- 
eycomb structure, wherein a back plate having ad- 
jacent through holes with differing material flow re- 
sistance is used as a nozzle material for extrusion *5 
forming. 

31 . A method for manufacturing an undulated-wall hon- 
eycomb structure according to Claim 30, wherein 
said back plate changes in thickness from the outer 20 
portion toward the center portion. 

32. A method for manufacturing an undulated-wall hon- 
eycomb structure according to either Claim 30 or 

31 , wherein said back plate has through holes Aand 25 
- through holes B with differing hole diameters. 

33. A method for manufacturing an undulated-wall hon- 
eycomb structure, wherein undulations are formed 

in metal foil by plasticity working beforehand, and 30 
said metal foil is wrapped in a corrugated manner, 
thereby forming a metal honeycomb structure. 
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FIG. 6(a) FIG. 6(b) 




FIG. 6(c) 



24 



EP 1 125 704 A1 



FIG. 7 
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FIG. 10 
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FIG. 11 
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FIG. 13(a) 
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FIG. 18(a) 
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FIG. 19(a) 
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FIG. 20(a) 




FIG. 20(b) 




zJ 30 



33 



EP1 125 704 A1 



FIG. 21 
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